Summary. The aim of the study was to determine whether patients with meningococcal disease carry meningococci in the throat both before and after treatment for the disease. During the 7 months of the study 106 patients with confirmed meningococcal disease were admitted to Danish hospitals, of whom 77 (73 %) had a throat swab examined at least once and were included in the study. Sixty-two patients were examined on admission and 52 were examined on discharge; 37 were examined on both occasions. On admission, meningococci were isolated from 18 (49%) of 37 throat specimens examined selectively for pathogenic Neisseria spp. Meningococci were not isolated from any throat specimen taken on discharge from hospital; 47 (90%) of 52 of these specimens had been examined adequately. From an observed carriage rate of 0 out of 47 it can be judged that the carrier rate does not exceed 6.4 O/ O (95 % confidence limit). From these results we conclude that it is unlikely that patients who have been treated for meningococcal disease according to the regimens used in Denmark can be the source of infection for secondary cases.
Introduction
Meningococcal disease develops after the transmission of droplets that contain a virulent strain of Neisseria meningitidis to a susceptible person, usually from an asymptomatic carrier.l. Although patients with meningococcal disease are seldom the source of the infection,' meningococcal disease occurs 1000 times more frequently in household contacts of such patients than in the general population during a nonepidemic p e r i~d .~ Pharyngeal carriage of meningococci is common in healthy individuals. The carriage rate has been found to vary from a small percentage among infants to 25-35 YO among teenagers and young adults4y5 and thereafter to decline with increasing age.4i6 Carriage rates of 40-60 YO have been found consistently among young adults who live in closed communities, such as military recruits or Virulent meningococci were isolated from only 1.4-1-6% of healthy individual~.~, During epidemics the percentage of carriers of virulent strains can rise to 17 % in family contactslO and to an overall average of 35% (range 1-74%) in Army Recruit Centres1'
Measures to prevent secondary cases of meningococcal disease comprise careful observation of close contacts of patients with meningococcal disease for the development of symptoms, and chemoprophylaxis or vaccination, or both.
The recommendation in the United Kingdom is that not only household contacts of patients with meningo- coccal disease but also patients discharged from hospital after treatment for meningococcal disease should receive chemoprophylaxis.12 This decision is based on the assumption that treatment with penicillin does not eradicate meningococci from the pharynx in every case. 13 Because we are aware of only one other report on the frequency of carriage in patients discharged from hospital after treatment for meningococcal disease,lo we have investigated the frequency with which Danish patients harboured meningococci in the throat before and after treatment.
As the results of this study showed a striking geographical difference in the percentage of patients from whom meningococci were isolated from the throat on admission to hospital, a retrospective study of the media used for the primary isolation of meningococci from throat swabs was included.
Materials and methods
Between 1 Aug. 1988 and 1 March 1989 106 patients with confirmed meningococcal disease were admitted to Danish hospitals. Meningococci were isolated from cerebrospinal fluid or blood cultures or petechiae, or any combination, from 98 of these and from either tracheal secretion (one) or from throat swabs (seven) of a further eight patients with a clinical diagnosis of meningococcal disease. The table shows some characteristics of isolates from these patients. At least one throat swab was examined from 77 (73 YO) of the 106 patients, and these were included in the study. Isolates from patients with meningococcal disease are sent to the Neisseria Department, Statens Seruminstitut, Copenhagen, for the determination of serogroup. serotype, sero-subtype and in some cases other epidemiological markers such as resistance to sulphonamide. Whenever an isolate was received, the nursing staff at the hospital were requested to take a throat swab from the convalescent patient. The patients usually remained in hospital for 2 days after the cessation of treatment with antibiotics. Information as to whether throat swabs had been taken from patients on admission to hospital and whether meningococci had been isolated at the local clinical microbiology laboratory was obtained retrospectively.
The two media routinely used for the bacteriological examination of throat swabs were horse blood 5% agar and Danish GC chocolate agar made selective for pathogenic neisseriae by the addition of lincomycin 1 pg/ml, polymyxin B sulphate 25 U/ml, mycostatin 20 U/ml and trimethoprim lactate 3 pg/ml.
Results

Phaqwyeul carriage of r?rerringococsi on adniissiori to hosp it a1
Throat swabs were taken from 62 (81 O h ) of the 77 patients included in the study on admission to hospital. Of these patients. 22 (35 YO) carried meningococci. In two of the 40 patients from whom no meningococci were isolated. antibiotic treatment had been started before the throat swabs were taken.
A carriage rate of 35% in patients with meningococcal disease was considered to be surprisingly and details of the culture media used for low' I . 1; processing the throat swabs in local clinical microbiology laboratories were obtained for 57 (92 %) of the 62 cases. Of 37 swabs which had been inoculated on selective Danish GC chocolate agar medium, meningococcal isolates were isolated from 18 (49%). Of another 20 throat swabs inoculated only on to horse blood 5 O/O agar. meningococci were isolated from only one (5%). The difference between the number of isolates found on horse blood 5 YO agar and the number isolated on selective Danish GC chocolate agar medium is statistically significant (Fisher's exact test, p = 0.001).
Pharyngeal carriage of meningococci on discharge from hospital
From 37 of the 62 patients from whom throat swabs were taken on admission to hospital, throat swabs were also taken on discharge. No meningococci were isolated from any of these 37 patients after the cessation of treatment with antibiotics. Ten had been pharyngeal carriers of meningococci on admission to hospital. Of 25 patients from whom throat swabs were taken on admission but not on discharge from hospital, 12 (48%) had been meningococcal carriers. Of fifteen (34%) of 44 patients from whom no throat swab was taken on admission, a throat swab was taken on discharge, and no meningococci were isolated from any of these. Forty-seven (90 %) of the 52 throat swabs taken on discharge from hospital had been inoculated on selective Danish GC chocolate agar medium. From an observed carriage rate of zero out of 47, it can be deduced with 95% confidence that the carriage rate does not exceed 6.4 YO.
Discussion
In Denmark, as in other countries such as the UK and the USA, there is a national surveillance system for meningococcal disease that includes circulars describing measures for the prevention of secondary cases.3. 12. l 6 The main precaution to reduce the risk of a serious course of meningococcal disease in close contacts is careful observation for symptoms. The decision as to whether to offer prophylactic antibiotic treatment or vaccination, or both, to close contacts has to be considered in connection with each individual case of meningococcal disease. In 1988-1989 the prophylaxis for adults was rifampicin 600 mg orally "Only one isolate from each patient is included.
twice a day for 2 days. Since 1992, the recommended regimen has been ciprofloxacin 500mg orally as a single dose. 16 The purpose of prophylactic antibiotics is to eliminate carriage of the virulent strains before they cause invasive disease or are spread to potentially susceptible individuals. As there is an increased risk of meningitis for members of the household of a "close contacts'' are usually defined as persons belonging to the patient's household.
In Britain, prophylactic antibiotics are also given to convalescent patients before discharge from hospital.12 The work of Abramson and Spika13 was part of the basis for this decision. Their study included 14 patients with meningococcal disease; 10 (71 YO) of the patients were carriers on admission to hospital, none was a carrier after 1 day of therapy, one patient (7 %) was a carrier when discharged, and four patients (29 YO) were carriers a week later.13 The authors were uncertain whether the persistence of N . meningitidis in the upper respiratory tract is due to failure of intravenous antibiotics to eradicate the organism or to recolonisation from a close contact. In an earlier study, Blakebrough and Gillesl' found that none of 44 patients with serogroup A meningococcal disease was carrying N . meningitidis after treatment for 24 h and that only one became a carrier of serogroup A meningococci again within 6 weeks. This patient returned to his family, four out of five of whom were carriers of serogroup A meningococci throughout.
In a later study by Alvez et al.,17 throat swabs were taken on the day of discharge (designated day 0) and 10 days later from 48 children in whom meningococcal disease was confirmed by culture of N . meningitidis from cerebrospinal fluid or blood, or both. On day 0, alternate patients were given placebo or prophylaxis with rifampicin. On day 0, meningococci were detected in throat cultures from three (6.25%) of the 48 children. On day 10, throat cultures of four children (8.34 YO) yielded meningococci. Rifampicin had been administered to all of the three children with positive day 0 throat cultures, one of whom remained positive on day 10, suggesting either a lack of response to rifampicin or re-infection. Three of the four children who were carriers on day 10 had had negative throat culture on day 0 and had not received prophylactic rifampicin treatment, suggesting re-infection from the family or community. Alvez et al. did not recommend prophylactic treatment to patients discharged from hospital after treatment for meningococcal disease. Cartwright et aL1* found that antibiotics used in the treatment of meningococcal disease successfully eliminated nasopharyngeal carriage of meningococci in 13 of 14 cases in whom the nasopharynx was swabbed 3-39 days after the completion of treatment. These results suggest that the parenteral antibiotics used can be effective in eliminating the nasopharyngeal carriage of meningococci.
In the present study, the carriage rate among patients adequately examined when admitted to hospital was 49%. This finding was in agreement with those of Sippel and Girgis14 and Cartwright and Jones.15 Throat swabs were taken from 52 (68 YO) of 77 patients on discharge from hospital. None of these patients, including 10 of the patients from whom meningococci were isolated from the throat before treatment, were carriers when discharged. As the patients were not examined later, the presence of meningococci that were temporarily inhibited by the antibiotics given as treatment cannot be excluded.
In summary, these studies showed that the percentage of patients who are pharyngeal carriers after treatment for 24 h is zero, that it is low after completion of treatment or on discharge from hospital, and that the rate afterwards is likely to increase with time. On the other hand, more studies with serotyping and genotyping are needed to ascertain whether a strain of N . meningitidis isolated from a patient recovering from meningococcal disease is identical to the original pathogenic strain.
